Abstract: A common management aim is to keep large herbivore densities at sustainable levels. However, measuring grazing pressure is difficult. We seek combinations of herb species and morphological traits that serve as indicators of grazing pressure in alpine areas of Scandinavia. In a fully replicated, landscape-scale experiment with three replicates of each of three levels of sheep density (zero, low, and high), we measured grazing frequency (numbers of plants eaten, as a proportion), flowering frequency, and plant height for 17 common herb species for two consecutive grazing seasons. For eight species, grazing frequency varied significantly between treatments, and for four of these species there was additional strong between-year variation. The estimate for total grazing frequency of herbs decreased when more species of decreasing preference were included, and it was significantly lower in the second grazing season. There were large between-year differences in plant height probably related to weather patterns. A grazing treatment effect on plant height was found only for two species. Flowering frequency in selected species changed even at low sheep densities and was thus not considered suitable except for indicating ungrazed areas. Grazing frequency of three herbs, Saussurea virgaurea, Rumex acetosa, and Pyrola minor, provided a useful indicator of total grazing pressure, as these species were grazed only at high sheep density. Our study area is likely to be representative of alpine areas in southern Norway, but we advise careful calibration using monitoring procedures before similar management decisions on stocking rates can be fully implemented in other ecosystems. Keywords: flowering frequency, grazing frequency, herbivory, monitoring, selectivity.
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At low animal population densities, grazing frequency on resistant plants may be low due to avoidance, but as population densities increase (and biomass of tolerant species is reduced), grazers may expand their diet breadth to include plants with limited ability to tolerate grazing (Choquenot, 1991) . Therefore, herbivore density and grazing pressure are likely to be important predictors of ecosystem responses to grazing.
Grazing pressure in the livestock literature is defined as "animal demand per unit weight of forage at any instant" (Scarnecchia & Kothmann, 1982; Scarnecchia, 1985) . In order to monitor grazing impact, we need a suite of plant species and/or morphological traits of plants that respond differently at different levels of grazing pressure (Bühler & Schmid, 2001; Mysterud, 2006) . Relevant monitoring techniques include recording of grass height (Hall & Bryant, 1995; Clary & Leininger, 2000) , height of individual forb species (Anderson, 1994) , and the proportion of herbs flowering (Anderson, 1994) . However, monitoring is complicated by stochastic weather patterns that may lead to substantial differences in plant abundances between years and thus to differences in the frequency with which a plant species is grazed even in the absence of any change in animal density. A suitable indicator of grazing pressure should display consistent responses over relevant temporal and spatial scales. Additionally, there should be either (1) a gradual increase/decrease of an indicator from areas not grazed to areas heavily grazed or (2) threshold value(s) in the frequency of indicator species that can be related to specific levels of grazing pressure.
The use of unamended pastures by domestic herbivores is controversial (Oesterheld, Sala & McNaughton, 1992; Simpson et al., 1998) as the animals are often held at much higher densities than wild herbivores (Oesterheld, Sala & McNaughton, 1992) . Domestic sheep (Ovis aries) that forage in unamended upland pastures are economically important in some regions (Warren & Mysterud, 1993) . Norwegian mountains have been used as summer pasture for sheep since the Bronze Age (Kvamme, 1988) . Some 2.2 million sheep currently graze in unamended Norwegian pastures in summer (Drabløs, 1997) , mostly in the alpine zone. The sustainability of current grazing levels in these pastures is controversial, partly because empirical studies of the grazing impact are lacking . Sheep are highly selective grazers, and their preferred forage is herbs (Bowns & Bagley, 1986; Haeggström, 1990) , followed by graminoids, dwarf shrubs, and shrubs (Nedkvitne, Garmo & Staaland, 1995) . Many of the preferred herbaceous forage plants have a limited ability to tolerate grazing compared to graminoids (Bowns & Bagley, 1986) . As herbs are fairly distinctive in appearance, they are good candidates as biomonitors of grazing pressure in montane habitats of Scandinavia.
Data from a fully replicated, landscape-scale experiment with three replicates and three densities of sheep (Austrheim, Evju & Mysterud, 2005; Steen, Mysterud & Austrheim, 2005) were analyzed for this study. We measured grazing frequency (proportion of individual plants eaten over a given time period) and the height and frequency of flowering of 17 common herb species that differ in fodder value to sheep (Kausrud et al., 2006) during two years (2003 and 2004) in order to assess which combinations of herb species and easily recordable morphological traits could serve as indicators of the grazing impact of sheep.
Methods

study arEa
The study area is located in Hol municipality, Buskerud county, south Norway (60° 40' to 60° 45' n, 7° 55' to 8° 00' E). The climate is sub-continental and alpine, with low to moderate precipitation (700-800 mm annually; Førland, 1993) . The bedrock consists of meta-arkose (Sigmond, 1998) , and the soil is moderately base-rich, especially in landscape depressions in which seepage water collects (Austrheim, Evju & Mysterud, 2005) . The vegetation predominantly consists of low shrubs interspersed with grass-dominated meadows, with scattered birches (Betula spp.) in the low-lying areas (Rekdal, 2001 ). Prior to fencing, the study area had a history of very low sheep density (< 10 sheep·km -2 ). The area is occasionally visited by single individuals or small herds of wild reindeer (Rangifer tarandus) in spring and by moose (Alces alces) during summer nights.
ExpErImEntal dEsIgn
During the summer of 2001, a large enclosure covering 2.7 km 2 (ca 3 × 0.9 km) with a total of 17.3 km of standard sheep fencing (110 cm high), was established in an alpine habitat (1050-1300 m a.s.l.) on a mainly south-facing hillside . The large enclosure was divided into nine parallel sub-enclosures, each running from low to high elevation and having an average size of 0.3 km 2 . A vegetation survey that included the fodder value for sheep based on an assessment of the distribution of vegetation types was carried out in 2001 by a skilled range ecologist (Rekdal, 2001) . The distribution of main vegetation types used by sheep was similar among sub-enclosures (Rekdal, 2001) .
We used a block-wise randomized design. For each group of three adjacent sub-enclosures, we randomly assigned the following treatments: control (no sheep), low density of sheep (25 sheep·km -2 ), and high density of sheep (80 sheep·km -2 ). These densities, which are within the range of sheep stocking in similar alpine habitats of Norway (Mysterud & Mysterud, 1999) , were chosen on the basis of the results of the vegetation survey (Rekdal, 2001 ; for further details see Steen, Mysterud & Austrheim, 2005) . The first experimental grazing season was 2002. Grazing lasted from the last week of June to the last week of August or the first week of September; the same time period as used in most mountain regions in southern Norway. All sheep were of the common breed "norsk Kvit sau" (formerly called the "Dala breed"). Individual animals are relatively large; ewes averaged 83 kg in live weight in spring (A. Mysterud, unpubl. data) .
fIEld mEthods In 2001, 180 permanent plots were sampled for vegetation using a random, stratified design that ensured a balanced distribution of plots between altitudinal levels (Austrheim, Evju & Mysterud, 2005) In each sub-enclosure (area 0.3 km 2 ), twenty 0.5 × 0.5 m plots were positioned using a stratified design and divided into 16 sub-plots (each 0.125 × 0.125 m).
Soil samples were taken from the upper 5-cm layer at two fixed corners outside each plot in August 2001. Sub-samples were mixed to avoid spatial variation in soil environment data. Soil analyses included pH (measured electrometrically) (Krogstad, 1992) , dry matter (DM; percent weight reduction after drying for 6 h at 105 °C) (Krogstad, 1992) , loss on ignition (LOI; percent weight reduction after ignition for 3 h at 550 °C) (Krogstad, 1992) , and total amounts of nitrogen (measured using the Kjeldahl-N method) (Smith, 1990) . We also estimated exchangeable amounts of phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg), and sodium (Na) as determined by Egnér's ALmethod (Egnér, Riehm & Domingo, 1960) . All soil analyses were performed at the Norwegian Centre for Soil and Environmental Research (Jordforsk) except for LOI and DM, which were performed at the Department of Biology, University of Oslo (cf. Austrheim, Evju & Mysterud, 2005) .
For this study, we included data for all perennial herb species that occurred in 10% or more of the permanent plots in 2001 (when the first vegetation analysis was performed; Austrheim, Evju & Mysterud, 2005) , with the following exceptions: Veronica alpina, which was found to be difficult to separate from the less common species Epilobium anagallidifolium when small, and species of two genera that were only determined to genus level (Alchemilla and Taraxacum). Two less common but potentially important constituents of the diet of herbivores, Potentilla erecta and Leontodon autumnalis (present in 8.9% and 7.2% of all plots, respectively) were included. In total, 17 species were studied.
We intended to sample 10 individuals of each species in each of three randomly chosen permanent vegetation plots in each sub-enclosure, giving for each treatment a total of 90 (30 × 3) individuals per species. However, two factors restricted the sampling. First, we did not want to choose subjectively which individuals were sampled within a plot. Therefore, a fixed route of sampling through the 16 sub-plots was followed by numbering the sub-plots from 1 (in the southeast corner of the plot) through 16 (in the northwest corner of the plot). All individuals in a sub-plot were measured, with a minimum of 10 individuals (ramets for clonal species) per species per plot. If needed, additional 0.5-× 0.5-m plots were placed 1 m to the n, E, s, and w of the permanent plot (in that order) to ensure sampling of a minimum of 10 individuals. Second, as species were unevenly distributed on sub-enclosures, not all species were found in the required minimum number of plots. The number of sub-enclosures with successful sampling for each species varied from 5 to 9, while the number of plots in each treatment varied from 3 to 15.
For each individual plant, grazing status (grazed/ ungrazed, i.e., presence/absence of bite marks on leaves, stem, etc.) and reproductive status (presence/absence of buds, flowers, and/or fruits) were noted, and plant height (stretched, in cm) was recorded. 
statIstIcal analysEs
Our data contained some imbalances: not all species were present in all locations (see above). The assumptions inherent in "design-based inference" (Buckland, Goudie & Borchers, 2000) were not fully met by the data. Statistical analysis of a properly replicated experiment assumes that the effect of other factors is distributed randomly among treatments and thus can be ignored when treatments are compared. We calculated average values of grazing frequency, plant height, and flowering frequency for each combination of species, year (2003 and 2004) , and treatment (control, low sheep density, and high sheep density). However, instead of statistical analyses by standard parametric statistical methods, we used bootstrap techniques (cf. Efron & Tibshirani, 1993) to calculate bootstrap standard errors (1000 iterations) for all observed means. Bootstrap techniques are very robust when there are imbalances in the data, and bootstrap analyses are not influenced by single outlying values. They are also very robust to the effects of variations in the statistical distribution of the data (i.e., no assumption of normality or other specified distributional property is required as data themselves are used to generate distributions). Our focus, therefore, shifted from ordinary significance testing to assessment of 95% confidence intervals of the estimated parameters (mean ± 2 SE). Considering whether the confidence interval includes zero or not is roughly equivalent to significance testing at P = 0.05. Based on the results, we identified species and traits that could potentially serve as indicators for further detailed evaluation.
Models were developed to explore the effect of treatment and year on traits, as well as interactions effects between them. We used an exact test based upon the binomial distribution (Sokal & Rohlf, 1995) to test whether plant height varied between years for more species than expected by chance. This test estimates the probability of obtaining at least n "positive" outcomes of a total of N trials when the probability for "positive outcome" is 0.05 in each trial and the trials are independent. This is thus a global test that decreases the likelihood of type I error at the P = 0.05 level brought about by the inclusion of a large data set.
We used more "explorative methods" (or "model-based inference"; Johnson & Omland, 2004) to evaluate if other environmental covariates (vegetation type, altitude, exposure, and slope) or soil variables (pH, N, P, K, Ca, Mg, Na, dry matter content, and loss of ignition) affected the focal traits (grazing frequency, flowering frequency, and plant height). We were able to identify if, and how much, these other covariates affected the measured traits. We used the Akaike Information Criterion (AIC; Burnham & Anderson, 1998; Johnson & Omland, 2004) to select an appropriate model for parameter estimation. The AIC is defined as
[1] where y is data, p is a count of free parameters, and θ is the likelihood of the model parameters. The model with the lowest AIC value is considered to be the most parsimonious model, i.e., the best compromise between explaining as much of the variation as possible and using as few parameters as possible. Accordingly, we used the model with the lowest AIC for subsequent parameter estimation. Model selection was performed using linear models (LM; McCullagh & Nelder, 1989; Venables & Ripley, 2002) .
We used linear mixed models (LME; McCulloch & Searle, 2002; Venables & Ripley, 2002) as implemented in S-Plus version 6.2 (Crawley, 2003) for improved parameter estimation. LME is an extension of linear modeling that allows observations to be grouped, and explicitly estimates the covariance at the different levels of a hierarchical structure. LME thus provides estimates both for random and fixed effects.
Two random-effect predictors were included to account for the fact that our data were nested in two different ways:
(1) dependency of observations derived from repeated sampling of the same plot (temporal autocorrelation) and (2) dependency of observations (plots) derived from use of the same sub-enclosures (spatial autocorrelation). We used treatment (grazing levels) and year as fixed explanatory variables, with "plot" nested within "sub-enclosure" as random effects. This ensured that an appropriate number of degrees of freedom (df) was used in parameter estimation. Our models took into account both that observations from the same plot were dependent and that all plots within a sub-enclosure were dependent when it comes to the treatment effect (i.e., we have three replicates, and the number of plots within sub-enclosures cannot change this). The reason LME was not used for model selection with AIC (see above) is that LME uses restricted maximum likelihood estimation, for which the AIC criterion is not meaningful (Crawley, 2003) .
When explanatory variables other than treatment and year significantly affected the trait/variable in question, we tested for each explanatory variable that varied between grazing treatments, using linear regression for continuous variables and Fisher's exact test for categorical variables.
All continuous variables were log-transformed prior to analysis. Plant height was log-transformed and a constant added in order to obtain zero skewness of the transformed variable, and the data were subsequently translated onto a 0-1 scale (Økland, Økland & Rydgren, 2001 ). The frequency data were arcsine-transformed to avoid heteroscedasticity.
Total grazing frequency, measured as degree of utilization of the most important forage plants (cf. Holechek et al., 1999) , was estimated for high and low sheep densities. The 17 herb species were ranked according to degree of selection by the sheep, based on an independent field study of the area in the summer of 2002 (Kausrud et al., 2006) . Selection is usually defined as use divided by availability and multiplied by 100 (Thomas & Taylor, 1990) , but a number of methods exist to estimate selection. Selection ranks (Table I) were estimated from data on diet selection tablE I. Observed values of (a) grazing frequency (proportion of number of individuals eaten), (b) plant height (cm), and (c) flowering frequency for each combination of species, treatment, and year (± bootstrap SE), for species for which the parameter estimates do not overlap zero, i.e., corresponding to significant differences between treatments (P < 0.05) 1 . Selection rank is averaged over different estimates of selection scores (details in Kausrud et al., 2006) . Omalotheca norvegica 4 Control 0.0 ± 0.0 0.0 ± 0.0 Low-density 39.3 ± 10.1 12.7 ± 4.7 High-density 60.7 ± 10.7 17.6 ± 6.3
Rumex acetosa
5 Control 3.3 ± 2.3 0.0 ± 0.0 Low-density 8.9 ± 2.7 3.3 ± 3.3 High-density 22.9 ± 7.2 21.6 ± 7.5
Ranunculus acris
6 Control 1.5 ± 1.4 0.0 ± 0.0 Low-density 10.6 ± 2.9 12.5 ± 5.1 High-density 12.8 ± 3.4 24.7 ± 6.5 and species abundance (Kausrud et al., 2006) . Grazing frequency estimates were made both by determining decreasing selection rank and by including the species found in this study to be the most utilized. We used paired-samples t-tests to test differences in grazing frequency estimates between treatments and years. Only models with significant treatment effects are presented.
Leontodon autumnalis
Results
grazIng frEquEncy of IndIvIdual spEcIEs
For eight species, the estimates of grazing frequency varied significantly between treatments. However, four of these had a significant treatment:year interaction, i.e., grazing was lower in high-density sites in 2004 than in 2003 (Table IIa) .
For the remaining four species no between-year effect was found on grazing frequency ( Table IIa) . The most parsimonious models for Saussurea alpina, Rumex acetosa, and Ranunculus acris included treatment as the only explanatory variable, revealing no difference in grazing frequency between control and low-density treatments, but significant differences between control and high-density treatments. Both S. alpina and R. acetosa showed significantly higher grazing frequencies in high-density compared to low-density treatments (l.s. [least-squares] estimate = 0.258, T = 3.644, P = 0.015, and l.s. estimate = 0.171, T = 2.736, P = 0.041, respectively). For R. acris, no difference was found between low-and high-density treatments (l.s. estimate = 0.086, T = 1.657, P = 0.149).
Grazing on Pyrola minor occurred only at high sheep density and increased with increasing Ca levels in the soil (Table IIa) . There was no difference in Ca levels between treatments (F = 0.636, df = 2 and 16, P = 0.542). However, within high-density treatments there was a significant correlation between Ca levels in soil and grazing frequency (r 2 = 0.552, df = 1 and 6, P = 0.035). The explanatory value of Ca was attached to one sample plot that had high Ca content (sample maximum = 247.0 mg Ca·100 g soil -1 ) and was heavily grazed (F15; 20% and 40% in 2003 and 2004, respectively) . This was the only plot in which more than 15% of the individuals showed signs of being grazed. Deleting this sample plot from the analysis made Ca insignificant, but the significant grazing effects in high-density sites were retained.
plant hEIght With year as only explanatory variable in LME, 12 species had significantly lower heights in 2004 than in 2003. This is significantly more species than expected by chance (exact test based upon binomial distribution: P < 0.0001).
Plant height was significantly affected by treatment in two species only. For Solidago virgaurea, height was significantly lower in high-sheep-density treatments than in controls (Table IIb) and in low-density treatments (l.s. estimate = -0.216, T = -3.251, P = 0.023). There was a significant interaction between treatment and year, reflecting a lower plant height in low-density sites in 2004 (Figure 1b) .
Height of Omalotheca norvegica was significantly lower in sites with a low grazer density than in control plots (Table IIb) and significantly lower in high-than in low-density treatments (l.s. estimate = -0.157, T = -4.452, P = 0.011). However, a significant effect of year (lower in 2004 than 2003) and an interaction between year and treatment ( Figure 1a) were observed. In addition, significant effects of both altitude and pH were observed for both variables: plant height decreased with increasing values of these variables. There was no difference in altitude (F = 0.294, df = 2 and 21, P = 0.748) or pH (F = 0.832, df = 2 and 21, P = 0.449) between treatments, and no correlation was observed between these two variables (r 2 = 0.003, P = 0.806).
flowErIng frEquEncy Only three species showed a treatment effect on flowering frequency. For Omalotheca norvegica there was no flowering at all in high-density plots and flowering was observed in only two out of eight low-density plots in 2004. Vegetation type had, however, a strong influence on flowering frequency (Table IIc) , and flowering was more common in snow-beds and in willow-shrub vegetation than in dwarfshrub vegetation. Vegetation types were evenly distributed within all treatments (Fisher's exact test, P = 0.240).
Treatment was the only explanatory variable that accounted for the difference in flowering frequency observed in R. acris (Table IIc) . Flowering frequency was close to zero when sheep were present (close to significant for low-density treatment), regardless of sheep density (l.s. estimate high-versus low-density -0.016, df = 6, T = -0.279, P = 0.789).
Flowering frequency was lower in Leontodon autumnalis in high-and low-density than in control treatments. However, there was a strong treatment:year interaction: flowering was less common in 2004 than in 2003 in control plots, but more common in areas with sheep (Table IIc) .
ovErall frEquEncy of grazIng on hErbs
The ranking of herbs using detected signs of grazing partly corresponded to the species' selection rank by sheep. The species experiencing highest grazing frequency were Solidago virgaurea (selection rank 3; low density: 34.0%, high density: 60.1%), Omalotheca norvegica (selection rank 4; low density: 26.0%, high density: 39.1%), Rumex acetosa (selection rank 5; low density: 6.3%, high density: 22.2%), and Saussurea alpina (selection rank 2; low density: 6.5%, high density: 31.3%). Estimated total frequency of grazing on herbs varied depending on the number of species included in the estimates (Figure 2 ). Including the four most selected species according to the selection rank (Hieracium alpinum, S. alpina, S. virgaurea, and O. norvegica) gave an estimate of grazing frequency of 39.3% for high sheep density, but this estimate decreased to 15.1% when all 17 species studied were included. Using only the species in which a significant treatment effect on grazing frequency was observed gave higher estimates. The two most strongly selected species (S. alpina and S. virgaurea) gave an estimated grazing frequency of 49.6% for high density, whereas including all eight species gave an estimate of 25.0%. The comparable numbers for low-density sites were 18.6% and 7.1% for the set of 17 species and 16.7% and 10.6% for the set of eight species, respectively. Total grazing frequency was significantly higher in high-compared to low-density treatments (paired-samples t-test, P < 0.0001 for both sets of 17 and eight species). Estimated grazing frequency differed between the two years (see Figure 2) : for the set of 17 species grazing frequency was lower in 2004 than in 2003 (paired-samples ttest, P < 0.0001 for both low-and high-density treatments). When only the eight species with significant treatment effect were included, grazing frequency was lower in 2004 in high-density sites only (paired-samples t-test, P < 0.0001 and P = 0.574 for high and low densities, respectively).
Discussion
In order to be suitable as biomonitors of grazing pressure, variables such as grazing frequency, plant height, and flowering frequency should be relatively unaffected by temporal and spatial variability. Of the 17 herb species studied, 12 had a significantly lower height in the cooler and drier year of 2004 compared to the warmer and wetter year of 2003, demonstrating the difficulty of using plant height as an indicator of sheep grazing pressure because of the strong effect of weather patterns on plant height. However, in the case of Solidago virgaurea and Omalotheca norvegica, for which a significant grazing treatment effect on plant height was observed, only small differences in height within sheep-grazing treatments were recorded between years, perhaps reflecting the tendency of herbivores to leave stubble of a certain height when grazing (Illius & Gordon, 1987) . This effect is also seen in the herb Trillium grandiflorum, for which relatively small yearly variation in stem height is observed, compared with the effect of white-tailed deer (Odocoileus virginianus) browsing shrubs (Anderson, 1994) . Therefore, the relative effect of the weather on plant height may be smaller on preferred grazing species, making the height of O. norvegica and S. virgaurea a suitable ecological indicator of sheep grazing pressure. Stubble height, a measure of the herbaceous vegetation remaining after grazing, is indeed widely used as an indicator of grazing impact in US riparian forests (Clary & Leininger, 2000) . The natural variation in plant height caused by altitude and soil status does, however, complicate the use of this variable. Additionally, potential long-term effects of tissue removal, e.g., depletion of below-ground resources, may alter the observed patterns.
As grazing pressure increases, the standing biomass of tolerant species is lowered; grazers are then expected to expand their diet breadth and graze plants intolerant of grazing (Choquenot, 1991) . The crossing of such thresholds may be used to indicate when grazing pressure has increased to a level where grazing impacts on other functional groups that are less tolerant to increased grazing. Sheep utilization of Saussurea virgaurea, Rumex acetosa, and Pyrola minor was negligible at a low density of sheep but significant at a high density (ca 30%, 20%, and 10% for the three species, respectively). If the aim is to keep grazing impact below a certain threshold, the frequency of grazing of these species may be useful indicators. The significantly lower overall grazing frequency in 2004 may reflect differences in the phenological development of plants due to between-year weather variation. Herbs constituted a smaller proportion of the diet in 2004 compared to that in 2003 . Therefore, grazing impact on functional groups closer to the resistant end of the spectrum may be more strongly affected in years of poor vegetation development.
For the majority of species, grazing treatment has no significant impact on flowering frequency, as observed by Crawley et al. (2004) , who showed that sheep grazing pressure is not the main determinant of flowering stem density in most species on St. Kilda, Scotland. However, for highly selected species, our results confirm the common view that flowering frequency is a trait very responsive to grazing, even at very low grazing pressures, because inflorescences are often preferentially consumed (Anderson, 1994; Mulder & Harmsen, 1995; Augustine & Frelich, 1998; Mulder & Ruess, 1998) . These results are also consistent with data on the flowering frequencies of two annual species within our study area (Melampyrum sylvaticum and Rhinanthus minor; S. Lindgren & G. Austrheim, unpubl. data) . We observed flowering frequencies of both Omalotheca norvegica and Ranunculus acris close to zero when grazed, regardless of whether sheep density was high or low. This suggests these indicators are only useful for detecting ungrazed areas. However, the strong effect of vegetation type on flowering frequency of O. norvegica requires further study if this species is to be used as an index of the absence of grazing. Data on densities of domestic herbivores are usually easy to obtain, at least on a broad scale. In the southern part of Norway, densities of sheep in alpine ranges are usually between 10-20 and 100 animals per km 2 (Mysterud et al., 2002) . Our study was designed to cover this range of densities in unamended pasture. A review of studies from North America found that low grazing pressure corresponds to an average utilization of the most important forage plants, based on individuals grazed, of 32%, moderate grazing corresponds to 43%, and heavy grazing corresponds to 57% (Holechek et al., 1999) . In this context, the high density used in this experiment is close to a moderate grazing pressure, whereas low density corresponds to a low grazing pressure. However, we demonstrate (see Figure 2 ) that estimation of grazing pressure based on grazing frequency is highly dependent on the definition of important forage plants. At the study sites, herbs made up 20-30% of the sheep diet, while graminoids made up 50-60% (Kausrud et al., 2006) . Excluding graminoids is likely to cause an underestimation of the overall grazing pressure, and the use of herb species alone to assess grazing pressure should take this into account. Herbs were chosen for this study because they are easy to identify in the field and because the recording of earlier grazing marks on graminoids can be difficult, especially on narrow-leaved species, as they are often removed in subsequent grazing (Kausrud et al., 2006) .
Short-term grazing effects may differ from long-term effects, which may lead to an alteration of competitive interactions between species and a possible decline of palatable species and increase in resistant species (Augustine & McNaughton, 1998; Crawley et al., 2004) . In their review of grazing studies in North America, Holechek et al. (1999) found that moderate grazing pressure corresponds to a degree of herbage utilization that allows the palatable species to maintain themselves but usually does not permit them to increase their contribution to herbage biomass. Under low grazing pressure, palatable species are allowed to maximize their herbage-producing ability. Although the grazing treatments in our study area correspond to moderate and low grazing pressures, long-term studies of changes in plant abundance will be necessary to evaluate the effects of the current grazing regimes. Graminoids, being more tolerant to grazing, may be expected to increase in abundance in high-density areas, whereas herbs may be expected to decrease. From 2001 to 2005, however, only small changes in the vascular plant communities have occurred in the study area (G. Austrheim, R. Økland, M. Evju & A. Mysterud, unpubl. data) .
Conclusion
By recording grazing frequency on 17 abundant herb species, we demonstrated that the grazing in our landscapescale experiment corresponds to low or moderate grazing pressure (Holechek et al., 1999) . We sought candidate species and traits/morphological variables suitable for assessing grazing pressure and impact. We defined two alternative characteristics of an indicator: (i) that it shows a gradual increase or decrease in abundance along a gradient in grazing pressure or (ii) that it shows an abrupt response beyond a certain threshold level of grazing. Plant height of two species, Solidago virgaurea and Omalotheca norvegica, did show a gradual decrease from control to low-to high-density sites that was relatively independent of weather conditions. Grazing frequency of three species could, in contrast, be used to separate areas with low grazing pressure from moderate to high grazing pressure by sheep in Scandinavian montane habitats. These species, Pyrola minor, Rumex acetosa, and Saussurea alpina are only lightly grazed (1.0%, 6.3%, and 6.5%, respectively) where sheep density is low, while grazing is substantial (9.9%, 22.2%, and 31.3%, respectively) where sheep density is high, giving a good indication of total grazing pressure.
Our study area is considered to be representative for large parts of the montane areas of southern Norway, and thus we expect our results to be reasonably representative for productive montane habitats rich in herb species. Herbivore selectivity will depend on local grazing history, productivity, and the available species pool. In a less productive habitat (Setesdal Vesthei, Norway) with much lower herb species richness than our study area, herbs constitute only 26% of the vascular plant species pool (versus 53% in our study area) and only two of the eight species reported here to display grazing effects are present (Austrheim, Evju & Mysterud, 2005) . Interpretation of grazing data collected in regions with different species pools should therefore be made with caution. Such interpretation is further complicated by the tendency of single species to show inconsistent responses to grazing between areas (Vesk & Westoby, 2001 ).
